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Background: Infensive statin therapy reduces major adverse cardiovascular events (MACE), but the effect on
mortality is unclear.

Objective: To determine whether intensive statin therapy reduces all-cause mortality compared with moderate
statin therapy in patients with recent acute coronary syndromes (ACS) and stable coronary heart disease
(CHD).

Methods: Medline, Embase, the Cochrane Database, the internet, and conference proceedings from 1966 to
2006 were searched to identify relevant trials. Selection criteria were randomised allocation to intensive statin
therapy (atorvastatin 80 mg/day, simvastatin 80 mg/day, or rosuvastatin 20-40 mg/day) versus moderate
statin therapy, recent ACS or stable CHD at the time of randomisation, and =6 months of follow-up.
Results: Six trials, encompassing 110 271 patient-years, were pooled. In patients with recent ACS, intensive
statin therapy reduced all-cause mortality from 4.6% to 3.5% over 2.0 years (OR=0.75, 95% Cl 0.61 to
0.93). In patients with stable CHD, intensive statin therapy had no effect on all-cause mortality over 4.7 years
(OR=0.99, 95% C1 0.89 to 1.11). Overall, intensive statin therapy was associated with a reduction in MACE
(OR=0.84, 95% Cl 0.77 to 0.91) and admissions to hospital for heart failure (OR=0.72, 95% Cl 0.62 to
0.83). Intensive statin therapy was also associated with an increase in hepatic transaminases >3 times
normal (OR=3.73, 95% Cl 2.11 to 6.58) and a trend towards increased creatine kinase >10 times normal
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proportional to the achieved low density lipoprotein

cholesterol (LDL-C) in patients with coronary heart disease
(CHD).' ? Intensive statin therapy aims at maximally reducing
LDL-C and therefore further reducing major adverse cardiovas-
cular events (MACE). The benefits of intensive statin therapy
may be amplified by a dose-dependent activation of pleiotropic
properties such as anti-inflammatory effects.”” The MIRACL
Study was the first large scale trial of intensive statin therapy.°
In this trial, atorvastatin 80 mg/day reduced MACE by 16%
compared with placebo in patients with recent acute coronary
syndromes (ACS). More recent trials and a meta-analysis have
shown that intensive statin therapy reduces MACE compared
with moderate statin therapy, but these studies have been
unable to demonstrate that this treatment reduces mortality.”
We sought to determine the effect of intensive statin therapy on
all-cause mortality compared with moderate statin therapy in
patients with recent ACS and in patients with stable CHD.
Secondarily, we examined the effects of intensive statin therapy
on MACE, admissions to hospital for heart failure, and adverse
hepatic and muscular events.

The benefits of statin therapy have been shown to be

METHODS

We carried out this meta-analysis in accordance with standards
set forth by the Quality of Reports of Meta-Analyses
(QUOROM) of randomised controlled trials statement.®

Searching
We searched Medline from 1966 to March 2006 using the
following search terms: ‘“hydroxymethylglutaryl-CoA re-

i

ductase inhibitors”, “anticholesteremic agents”, ““atorvastatin”,
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and/or rhabdomyolysis (OR=1.96, 95% CI 0.50 to 7.63).
Conclusions: Compared with moderate statin therapy, intensive statin therapy reduces all-cause mortality in
patients with recent ACS but not in patients with stable CHD.

“cerivastatin”, “fluvastatin”, ‘“lovastatin’, ‘“‘pravastatin”,
“rosuvastatin’, ‘“‘simvastatin’”’, ‘“randomized”, “randomized
controlled trials”, “clinical trials”. We searched Embase from
1980 to March 2006, the Cochrane Central Register of
Controlled Trials and Database of Abstracts of Reviews of
Effects from inception to first quarter 2006, and the ACP
Journal Club from 1991 to January/February 2006. We also
searched the internet (http://www.clinicaltrials.gov, http://
www.clinicaltrialresults.org, http://www.cardiosource.com,
http://www.medscape.com, http://www.theheart.org, http:/
www.lipidsonline.org, all accessed 8 February 2007) and
abstracts from major cardiology conferences in North America
and Europe. We used relevant references from retrieved
publications and PubMed’s related articles feature and also
contacted investigators to identify studies not captured by our
primary search strategy. We limited our search to human
studies in any language.

Selection

The inclusion criteria for our meta-analysis were: (a) rando-
mised controlled trials (RCTs); (») =6 months of follow-up; (c)
documented recent ACS or stable CHD at the time of
randomisation; (d4) intervention group given intensive statin
therapy, defined as simvastatin 80 mg/day, atorvastatin 80 mg/
day, or rosuvastatin 20-40 mg/day; (e) control group given

Abbreviations: ACS, acute coronary syndromes; CHD, coronary heart
disease; Cl, confidence interval; CRP, C reactive protein; LDL-C, low density
lipoprotein cholesterol; MACE, major adverse cardiovascular events; OR,
odds ratio; QUORUM, Quadlity of Reports of Meta-Analyses; RCT,
randomised controlled trial
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Table 1 Trial characteristics for 28 505 subjects
Mean F/U
Age, mean Women DM Prior MI Intention  Years
Trial No. Inclusion criteria (years) (%) (%) (%) Double blind to treat (% complete)
Ato Z,'° 2004 4 497 Recent ACS 61 24 24 17 Y Y 2.0 (97.0)
PROVE-IT TIMI 22,'' 2004 4 162 Recent ACS 58 22 18 18 Y Y 2.0 (99.8)
IDEAL,'* 2005 8 888 Stable CHD with prior MI 62 19 12 100 N Y 4.8 (99.8)
TNT,"” 2005 10 001 Stable CHD with objective 61 19 15 58 Y Y 4.9 (99.2)
evidence
VASCULAR BASIS, 2005 300 Stable CHD with inducible 64 14 16 39 Y N 1.0 (84.7)
ischaemia
REVERSAL," 2004 657 Stable CHD with 20-50% 56 28 19 NA Y N 1.5(76.9)
stenosis

ACS, acute coronary syndrome; CHD, coronary heart disease; DM, diabetes mellitus; MI, myocardial infarction; F/U, follow-up; Y, yes; N, no.

moderate statin therapy, defined as pravastatin <40 mg/day,
lovastatin <40 mg/day, fluvastatin <40 mg/day, simvastatin
<20 mg/day, atorvastatin <10 mg/day, rosuvastatin <5 mg/
day; these definitions were derived from the National
Cholesterol Education Program Adult Treatment Panel III
Guidelines’ table of currently available statins required to
reduce LDL-C by 30-40% (““standard doses”).” Three reviewers
(JA, AAM, MJE) applied inclusion and exclusion criteria.

Validity assessment

All qualifying studies were assessed for blinding, concealment
of randomised assignment, completeness of follow-up, and
intention to treat analysis. We recorded whether patients in the
intervention group and control group were similar at the start
of the study and treated equally except for the designated
treatment. Table 1 presents the validity parameters.

Data abstraction

All data were extracted in duplicate by two investigators (JA,
AAM) using a standardised protocol and were independently
verified by a third investigator (MJE). Disagreements were

212 potentially relevant RCTs identified and
screened for retrieval

resolved by consensus. We collected information on the study
name, first author’s name, year of publication, number of
patients, duration of follow-up, inclusion and exclusion criteria,
mean age of patients, gender distribution of patients, cardiac
risk factors, prior myocardial infarction, cardiac drugs, inter-
vention drug and dosage, control drug and dosage, LDL-C, total
cholesterol (Total-C), high density lipoprotein cholesterol
(HDL-C), triglycerides (TG) and C reactive protein (CRP).

The efficacy outcomes abstracted were: all-cause mortality,
CHD mortality, non-CHD mortality, admissions to hospital for
heart failure, MACE defined as cardiovascular death or ACS
(troponin positive or troponin negative) or stroke. Given the
variability in defining MACE between trials, we accepted that
the definition for MACE may have included need for
revascularisation or resuscitated cardiac arrest because these
events contributed a relatively minor proportion of the MACE
end point. The safety outcomes abstracted were: adverse
hepatic events, defined as an increase in alanine aminotrans-
ferase and/or aspartate aminotransferase >3 times the upper
limit of normal according to the measuring laboratory
standards; adverse muscular events, defined as clinically

Figure 1 QUOROM flow diagram.

RCTs excluded with reason:
o Title/abstract not appropriate

26 RCTs retrieved for more detailed evaluation

therapy

11 potentially appropriate RCTs to be included

in the meta-analysis therapy

RCTs excluded with reason:

0 Allocation not randomised

0 Follow-up <6 months

O Intervention group not given intensive statin

o Control group not given moderate statin

RCTs excluded with reason:
0 Patients without documented coronary heart
disease or recent acute coronary syndrome

6 RCTs included in the meta-analysis

RCTs included by outcome:

0 All-cause mortality (n = 6)

Maijor adverse cardiovascular events (n = 6)
Hospitalisations for heart failure (n = 4)
Adverse hepatic events (n = 5)

Adverse muscular events (n = 5)
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Table 2  Statin drugs, achieved lipid levels and CRP

Statin drug Total-Ct+ LDL-Ct HDL-Ct+ TGt CRP

(mg/day) mmol/l (% change) mmol/l (% change) mmol/l (% change) mmol/l (% change) mg/| (% change)
Trial Int. Mod. Int. Mod. Int. Mod. Int. Mod. Int. Mod. Int. Mod.
Ato Z,'° 2004 Simva 80 Simva 20 3.6 (-25) 4.1 (-15) 1.7 (-41) 2.1 (-27) 1.1 (+13) 1.1 (+13) 1.3(-22) 1.4(-14) 1.5(-93) 1.8(-91)
PROVE-IT TIMI 22,"' 2004  Atorva 80 Prava 40 NA NA 1.6 (-42) 2.5(-10) 1.0 (+5) 1.1 (+8) 1.5(-14) 2.0(+14) 1.3(-89) 2.1(-83)
IDEAL, ? 2005 Aforva 80 Simva 20 4.0 (-22) 4.6 (-10) 2.1(-34) 27(-14) 1.3(9) 1.3(+11) 1.3(21) 1.5(7) NA NA
TNT,"” 2005 Atorva 80 Atorva 10 NA NA 2.0 (-49) 2.6(-34) NA NA NA NA NA NA
VASCULAR BASIS,* 2005* Atorva 80 Lova 5 3.8 (-35) 5.1 (-14) 20(-46) 3.1(-21) 1.2(-4) 1.2 (+12) 1.2(-38) 1.8(-9) 1.7 (-37) 2.5(-7)
REVERSAL,"® 2004 Aforva 80 Prava 40 3.9 (-34) 4.9 (-18) 2.1 (-46) 2.9 (-25) 1.1 (3] 1.2(+6) 1.7(-20) 1.9(7) 1.8(-36) 2.9 (-5)

Int, infensive statin therapy; Mod, moderate statin therapy; Simva, Simvastatin; Atorva, Atorvastatin; Prava, Pravastatin; Lova, Lovastatin; NA, not available.
*91% of patients in VASCULAR BASIS received a median dose of 5 mg/day of lovastatin, whereas 9% received only diet control.
1To convert Total-C, LDL-C, and HDL-C from mmol/I to mg/dl, divide by 0.02586. To convert TG from mmol/l to mg/dl, divide by 0.01129.

diagnosed rhabdomyolysis and/or an increase in creatine kinase
>10 times the upper limit of normal according to the
measuring laboratory standards. We extracted overall study
data and not individual patient data.

Statistical analysis

Safety and efficacy outcomes were analysed for the prespecified
subpopulations of patients with recent ACS and patients with
stable CHD. The numbers of events for every outcome in every
trial were pooled and entered into the statistical software
(Cochrane Collaboration Review Manager 4.2.7). Differences in
study characteristics introduced an additional source of
heterogeneity in the estimated treatment effects between trials.
These differences would not be adequately dealt with in a fixed-
effects model. We therefore employed a random-effects model
to better account for the differences between trials.
Heterogeneity was assessed using the I? test. An I? value
<25% was considered low heterogeneity, and a value >50%
was considered significant heterogeneity. Results were reported
as odds ratios (ORs) with their 95% confidence intervals (CIs).

RESULTS
Trial flow
Figure 1 shows the QUOROM flow diagram. Our search
returned 212 distinct results, of which 26 were relevant based

on their title and abstract. Six RCTs met the selection criteria
and were included in our meta-analysis. Of these RCTs, all six
reported rates of all-cause mortality and MACE, four reported
rates of admission to hospital for heart failure, five reported
rates of adverse hepatic events and muscular events.

Study characteristics

Table 1 shows the study characteristics. Two RCTs studied
patients with recent ACS (A to Z,'° PROVE-IT TIMI 22") and
four RCTs studied patients with stable CHD (IDEAL,"” TNT,"”
VASCULAR BASIS,"* REVERSAL"). When pooled, the total
number of patients was 28 505, representing 110 271 patient-
years of follow-up. The mean weighted follow-up period was
2.0 years in trials of recent ACS and 4.7 years in trials of stable
CHD. Table 1 shows completeness of follow-up, blinding and
the analytic approach.

All RCTs were published between 2004 and 2005. The mean
age was 56—64 years and the proportion of women was 14-28%.
Table 1 also shows rates of prior myocardial infarction and
diabetes mellitus. Use of aspirin and B blockers was similar
between trials, whereas use of angiotensin converting enzyme
inhibitors or angiotensin receptor blockers ranged from 24% in
VASCULAR BASIS to 84% in PROVE-IT TIMI 22. Previous use
of statins ranged from 0% in A to Z to 76% in IDEAL (not
including TNT where there was a 1 month run-in period during

Study Infensive Moderate OR (random) OR (random)
or subcategory n/N n/N 95% Cl 95% Cl

01 recent ACS

AtoZ 104/2265 130/2231 —— 0.78 (0.60, 1.01)
PROVE-T TIMI 22 50/2099 69/2063 —m 0.71 (0.49, 1.02)
Subtotal (95% Cl) 4364 4294 > 0.75 (0.61, 0.93)
Total events: 154 (intensive), 199 (moderate)

Test for heferogeneity: Chi? = 0.18, df = 1 (p = 0.67), 1> = 0%

Test for overall effect: Z = 2.59 (p = 0.010)

02 stable CHD

IDEAL 366/4439 374/4449 1 0.98 (0.84, 1.14)
TNT 284/4995 282/5006 1.01 (0.85, 1.20)
VASCULAR BASIS 1/197 0/103 1.58 (0.60, 39.13)
REVERSAL 1/327 1/327 1.00 (0.60, 16.06)
Subtotal (95% Cl) 9958 9885 L 2 0.99 (0.89, 1.11)
Total events: 652 (intensive), 657 (moderate)

Test for heferogeneity: Chi% = 0.15, df = 3 (p = 0.98), I = 0%

Test for overall effect: Z = 0.12 (p = 0.90)

Total (95% Cl) 14 322 14179 ¢ 0.93 (0.83, 1.04)
Total events: 806 (intensive), 856 (moderate)

Test for heterogeneity: Chi% = 5.36, df = 5 (p = 0.37), 12 = 6.7%

Test for overall effect: Z = 1.32 (p = 0.19) ‘ ‘ ‘ ‘

Figure 2 Forest plot for all-cause mortality.

www.heartjnl.com

0.2 0.5 1 2 5

Favours intensive  Favours moderate



Intensive statin therapy in ACS and stable CHD 917
Study Intensive Moderate OR (random) OR (random)
or subcategory n/N n/N 95% Cl 95% Cl
01 recent ACS l
AtoZ 401/2265 416/2231 0.94(0.81, 1.09)
PROVE-IT TIMI 22 560/2099 649/2063 - 0.79 (0.69, 0.91)
Subtotal (95% Cl) 4364 4294 < 0.86 (0.73, 1.01)
Total events: 961 (intensive), 1065 (moderate)
Test for heterogeneity: Chi? = 2.67, df = 1 (p = 0.10), I? = 62.6%
Test for overall effect: Z = 1.80 (p = 0.07)
02 stable CHD
IDEAL 533/4439 608/4449 - 0.86 (0.76, 0.98)
TNT 434/4995 548/5006 - 0.77 (0.68, 0.88)
VASCULAR BASIS 15/197 5/103 1.62 (0.57, 4.58)
REVERSAL 6/327 9/327 0.66 (0.23, 1.88)
Subtotal (95% Cl) 9958 9885 * 0.82 (0.75, 0.91)
Total events: 988 (intensive), 1170 (moderate)
Test for heterogeneity: Chi? = 3.13, df = 3 (p = 0.37), I = 4.3%
Test for overall effect: Z = 4.00 (p<0.0001)
Total (95% Cl) 14322 14179 4 0.84 (0.77,0.91)
Total events: 1949 (intensive), 2235 (moderate)
Test for heterogeneity: Chi? = 6.10, df = 5 (p = 0.30), 1> = 18.0%
Test for overall effect: Z = 4.43 (p<0.000 O1) ‘ ‘ ‘ ‘

0.2 0.5 1 2 5

Figure 3 Forest plot for major adverse cardiovascular events.

which all patients received atorvastatin 10 mg/day). Table 2
shows the intensive and moderate statin therapy regimens and
the achieved lipid and CRP levels.

Quantitative data synthesis

Figures 2—-6 show the forest plots with odds ratios for each
study and for the pooled data. In patients with recent ACS,
intensive statin therapy reduced all-cause mortality from 4.6%
t0 3.5% (OR = 0.75, 95% CI 0.61 to 0.93). The number needed to
treat to prevent one death was 90. In patients with stable CHD,
intensive statin therapy did not reduce all-cause mortality
(OR=0.99, 95% CI 0.89 to 1.11). MACE were comparably
reduced in patients with recent ACS (OR = 0.86, 95% CI 0.73 to
1.01) and stable CHD (OR =0.82, 95% CI 0.75 to 0.91). The
odds ratios for MACE in patients with recent ACS demon-
strated significant heterogeneity (1> = 63%). Admissions to
hospital for heart failure were reduced in patients with recent

Favours intensive  Favours moderate

ACS (OR=0.63, 95% CI 0.46 to 0.86) and stable CHD
(OR=0.77, 95% CI 0.64 to 0.92). Overall, the numbers needed
to treat to prevent one MACE and one admission to hospital for
heart failure were 46 and 112, respectively.

For the safety analyses, patients with recent ACS and stable
CHD were pooled owing to low event rates in the individual
RCTs. Intensive statin therapy was associated with a threefold
increase in adverse hepatic events from 0.4% to 1.4%
(OR=3.73,95% CI 2.11 to 6.58) and a trend towards increased
adverse muscular events from 0.05% to 0.11% (OR = 1.96, 95%
CI 0.50 to 7.63). As a result, the number needed to harm to
cause one adverse hepatic event was 96. The odds ratios for
adverse hepatic events demonstrated significant heterogeneity
(I =63%). We were not able to pool non-serious adverse
muscular events (myopathy without significant rise in creatine
kinase) because these results were reported inconsistently and
defined differently across RCTs. TNT showed that intensive

Study Intensive Moderate OR (random) OR (random)
or subcategory n/N n/N 95% Cl 95% ClI
01 recent ACS
PROVE-T TIMI 22 34/2099 64/2063 — 0.51(0.34, 0.78)
AtoZ 72/2265 98/2232 —a— 0.71 (0.52, 0.97)
Subtotal (95% Cl) 4364 4295 D 0.63 (0.46, 0.86)
Total events: 106 (intensive), 162 (moderate)
Test for heterogeneity: Chi? = 1.53, df = 1 (p = 0.22), I = 34.6%
Test for overall effect: Z = 2.90 (p = 0.004)
02 stable CHD
IDEAL 99/4439 123/4449 —— 0.80 (0.61, 1.05)
TNT 122/4995 164/5006 —— 0.74 (0.58, 0.94)
Subtotal (95% Cl) 9434 9455 > 0.77 (0.64, 0.92)
Total events: 221 (intensive), 287 (moderate)
Test for heterogeneity: Chi2 = 0.20, df = 1 (p = 0.65), 12 = 0%
Test for overall effect: Z = 2.93 (p = 0.003)
Total (95% Cl) 13798 13750 <@ 0.72 (0.62, 0.83)
Total events: 327 (intensive), 449 (moderate)
Test for heterogeneity: Chi2 = 3.14, df = 3 (p = 0.37), 12 = 4.3%
Test for overall effect: Z = 4.35 (p<0.0001) ‘ ‘ ‘ ‘

0.2 0.5 1 2 5

Figure 4 Forest plot for admissions to hospital for heart failure.

Favours intensive  Favours moderate
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Study Intensive Moderate OR (random) OR (random)

or subcategory n/N n/N 95% ClI 95% Cl
AtoZ 19/2265 8/2231 - 2.35(1.03, 5.38)
PROVE-IT TIMI 22 69/2099 23/2063 ~m 3.01 (1.87, 4.85)
IDEAL 43/4439 5/4449 —a— 8.69 (3.44, 21.97)
TNT 60/4995 9/5006 —a— 6.75 (3.35, 13.62)
REVERSAL 7/311 5/316 T 1.43 (0.45, 4.56)
Total (95% Cl) 14109 14 065 > 3.73 (2.11, 6.58)
Total events: 198 (Intensive), 50 (Moderate)

Test for heterogeneity: Chi2 = 10.79, df = 4 (p = 0.03), I? = 62.9%

Test for overall effect: Z = 4.54 (p<0.00001) ‘ ‘ ‘ ‘

Figure 5 Forest plot for adverse hepatic events.

statin therapy did not increase non-serious myalgias (4.8% vs
4.7%, p = 0.77).

Sensitivity analysis

We analysed cause-specific mortality to quantify the effect on
CHD mortality and to clarify whether there was an effect on
non-CHD mortality. Similar to the initial findings, intensive
statin therapy reduced CHD mortality in patients with recent
ACS (OR=0.75, 95% CI 0.58 to 0.97) but not in patients with
stable CHD (OR =0.90, 95% CI 0.73 to 1.11). There were no
effects on non-CHD mortality among patients with recent ACS
(OR=0.78, 95% CI 0.53 to 1.15), patients with stable CHD
(OR=1.07, 95% CI 0.88 to 1.30), or patients with either recent
ACS or stable CHD (OR = 1.00, 95% CI 0.82 to 1.23). To ensure
that the smaller studies had not disproportionately influenced
our results, we pooled data from TNT and IDEAL and analysed
these trials using a fixed-effects model. The effect of intensive
statin therapy on all-cause mortality in large trials of stable
CHD was non-significant and identical to the initial findings
(OR=0.99, 95% CI 0.89 to 1.11).

DISCUSSION
We sought to compare the effect of intensive versus moderate
statin therapy on all-cause mortality in patients with recent
ACS and stable CHD. Our meta-analysis is, as far as we know,
the first to show that intensive statin therapy reduces all-cause
mortality after recent ACS with no apparent reduction in stable
CHD. MACE and admissions to hospital for heart failure were
reduced in both these groups. Adverse hepatic events were
increased threefold but were relatively infrequent. These
findings suggest that intensive statin therapy should be the
standard of care in patients with recent ACS.

The clinical benefits of intensive statin therapy have been
clearly shown in these trials; the mechanisms underlying these

0.01

0.1 1 10 100
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clinical benefits represent a field of continuing study and
validation. Potential mechanisms are threefold: dose-depen-
dent pleiotropic effects, incremental LDL-C lowering effects,
and regression of atherosclerosis. The first of these may be of
particular relevance in the setting of ACS where there is a state
of acute inflammation and thrombogenicity. By exploiting
dose-dependent pleiotropic properties, intensive statin therapy
exerts potent anti-inflammatory effects and decreases throm-
bogenicity. A detailed review of these effects can be found
elsewhere.* Interestingly, these effects occur acutely and are
independent of LDL-C.'* Statins decreased thrombogenicity by
increasing tissue plasminogen activator levels and decreasing
plasminogen activator inhibitor-1 levels in ex vivo models
where there was no LDL-C present."”” Compared with simvas-
tatin 10 mg/day, ezetimibe 10 mg/day (a cholesterol absorption
inhibitor) reduced LDL-C by an identical 15% without improv-
ing endothelial function.'® These studies provide a physiological
rationale for the heightened benefits seen after recent ACS,
which cannot be attributed solely to the slightly higher event
rates in ACS compared with stable disease.

Anti-inflammatory effects may explain why intensive statin
therapy reduced all-cause mortality in the hyperinflammatory
state of ACS. Inflammation, as reflected by CRP level, is
predictive of mortality in patients with recent ACS" * and
additive to traditional risk factors such as the Thrombolysis In
Myocardial Infarction (TIMI) risk score.”’ ** Intensive statin
therapy produced greater reductions in CRP and mortality in
patients with recent ACS. In patients with stable CHD,
intensive statin therapy reduced MACE but not mortality
compared with moderate statin therapy. In high risk patients
without documented CHD, moderate statin therapy similarly
reduced MACE but not mortality compared with no statin
therapy.” VASCULAR BASIS and PROVE-IT TIMI 22 showed
that atorvastatin 80 mg/day rapidly lowered CRP and produced

Study Intensive Moderate OR (random) OR (random)
or subcategory n/N n/N 95% ClI 95% ClI
AtoZ 9/2265 1/2231 — 8.90 (1.13,70.28)
PROVE-IT TIMI 22 0/2099 0/2063 Not estimable
IDEAL 2/4439 3/4449 —— 0.67 (0.11, 4.00)
TNT 5/4995 3/5006 —t 1.67 (0.40, 7.00)
REVERSAL 0/311 0/316 Not estimable
Total (95% C) 14109 14 065 ~— 1.96 (0.50, 7.63)
Total events: 16 (Intensive), 7 (Moderate)

Test for heterogeneity: Chi? = 3.65, df = 2 (p = 0.16), I? = 45.3%

Test for overall effect: Z = 0.97 (p = 0.33) ‘ ‘ ‘ ‘

Figure 6 Forest plot for adverse muscular events.
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parallel reductions in MACE within 4 weeks.**>* Propensity-
matched analysis of patients with high CRP showed that statins
reduced mortality as soon as 7 days after initiation.”
Conversely, A to Z showed that simvastatin 80 mg/day did
not rapidly lower CRP, and the early benefits of intensive statin
therapy were dampened despite substantial lowering of LDL-
C.”* A dual goal of CRP <1-2 mg/l and an LDL-C <1.8 mmol/l
(<70 mg/dl) was associated with the lowest risk of MACE in
PROVE-IT TIMI 22.*” Furthermore, the dual goal of low CRP
and low LDL-C was also associated with the slowest progression
of atherosclerosis in REVERSAL.*

There exists a log-linear relationship between achieved LDL-
C and MACE as shown by the Cholesterol Treatment Trialists
meta-analysis of 14 RCTs.' PROVE-IT TIMI 22 showed that an
achieved LDL-C <1.0 mmol/l (<40 mg/dl), observed in 11% of
patients in the intensive group, was associated with the lowest
risk of MACE and no increase in adverse events.”’ Indirect
evidence from observational studies of hunter-gatherer popula-
tions showed that LDL-C of 1.3-1.9 mmol/l (50-75 mg/dl) was
associated with improved longevity and an absence of athero-
sclerosis up to the seventh and eight decades of life.*” > Studies
of patients with heterozygous hypobetalipoproteinaecmia
showed that LDL-C as low as 0.8 mmol/l (30 mg/dl) was
associated with improved longevity.** > In our meta-analysis,
achieving a mean LDL-C of 1.6-2.1 mmol/l (62-81 mg/dl) was
safe and effective for reducing MACE.

Beyond the anti-inflammatory and lipid-lowering effects,
intensive statin therapy slows and perhaps reverses the
progression of atherosclerosis. In REVERSAL, serial intravas-
cular ultrasound examinations showed that atheroma volume
stabilised in patients receiving atorvastatin 80 mg/day, whereas
it increased in patients receiving pravastatin 40 mg/day.
ESTABLISH* and ASTEROID” showed that atheroma volume
actually regressed in patients receiving intensive statin therapy.
Similarly, ARBITER* and ASAP* showed that carotid intima
media thickness regressed in patients receiving atorvastatin
80 mg/day, whereas it increased in patients receiving moderate
statin therapy. Emerging research has shown that the effects of
statins on quantitative atheroma volume may be less valuable
than the effects on qualitative atheroma content, termed plaque
stabilising effects.*” *' Reversing atherosclerosis and stabilising
vulnerable plaques may, in part, be responsible for the effects of
intensive statin therapy on MACE.

In addition to the reduction in MACE, there was a substantial
reduction in admissions to hospital for heart failure with
intensive statin therapy. Potential mechanisms include favour-
able ventricular remodelling,** decreased infarct size owing to
reduced ischaemia-reperfusion injury®* and reduced CRP-
mediated complement activation.” The effect of reducing CRP
in acute myocardial infarction was demonstrated in a recent
study where the therapeutic inhibition of CRP decreased infarct
size in a rat model.*® The use of statins for heart failure is
currently being evaluated in the CORONA and GISSI-HF trials.

The benefits of intensive statin therapy seem to be consistent
across age and sex subgroups. With the exception of
VASCULAR BASIS, which did not discuss subgroup effects,
there were no statistical interactions for age or sex in these
trials. The greatest reduction in atheroma volume was seen in
the elderly (age =median, 6.3% difference, p=0.01; age
<median, -0.7% difference, p =0.75) and in women (women,
6.2% difference, p = 0.03; men, 1.6% difference, p = 0.30) in the
REVERSAL trial. Subgroup analyses from PROVE-IT TIMI 22
and TNT showed that the elderly derived comparable benefits
from intensive statin therapy.”” The forthcoming SAGE trial
directly studies the elderly, randomising 893 patients aged 65—
85 vyears with stable CHD to atorvastatin 80 mg/day or
pravastatin 40 mg/day.”* Preliminary results have shown that
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atorvastatin 80 mg/day was associated with a trend towards
reduced MACE (hazard ratio = 0.74, p=0.16) and no
difference in ischaemic events measured by ambulatory
electrocardiography.”

There was no difference in ischaemic events measured by
ambulatory electrocardiography in VASCULAR BASIS, nor was
there any difference in flow-mediated vasodilatation, exercise
duration, and angina frequency. These end points were not
assessed by other trials, and authors acknowledged that their
study may have been underpowered to detect significant
associations.

Continuing trials include SEARCH, HPS II, and IMPROVE-IT.
The last of these is scheduled to randomise 10 000 patients with
recent ACS to simvastatin 40 mg/day plus ezetimibe 10 mg/day
or simvastatin 40 mg/day alone. The median projected LDL-C of
1.3 mmol/l (50 mg/dl) in the combination therapy group will
test the hypothesis that lower LDL-C is better.

Several potential limitations of our meta-analysis should be
noted. First, five out of six RCTs evaluated intensive atorvas-
tatin therapy, with one evaluating simvastatin and none
evaluating rosuvastatin. Thus, the external validity and gen-
eralisability to other statins is limited and we cannot comment
on agent-specific effects for the efficacy or safety outcome
measures. Second, some RCTs classified revascularisation and
resuscitated cardiac arrest as MACE, which might have altered
the estimated effect of any given treatment. We believe that this
risk is minimal because our results for the end point MACE
were consistent with the results for the end point of death or
reinfarction. Finally, most RCTs did not report measurements of
left ventricular function after statin therapy, which might have
helped explain the effects on heart failure. However, we did use
the end point of admission to hospital for heart failure to
ensure an objective measurement.

In conclusion, our meta-analysis suggests that intensive
statin therapy is beneficial in patients with CHD and
particularly in patients with recent ACS, where there is a 25%
reduction in the odds of all-cause mortality. We found that
intensive statin therapy is safe, since the absolute rates of
adverse hepatic events and adverse muscular events are low
(1.4% and 0.1%, respectively). Previous studies found that
intensive statin therapy is cost effective after ACS,*** although
a comprehensive analysis of cost effectiveness must be
conducted. Based on our findings, the indication for intensive
statin therapy is a key determinant of the potential mortality
benefit to be derived. We conclude that intensive statin therapy
should be recommended after recent ACS and considered on a
case by case basis in stable CHD.
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Effective thrombus extraction strategies in acute saphenous vein graft intervention

ﬁ 63-year-old man presented with

viously he underwent coronary bypass
surgery. Coronary angiography demon-
strated subtotal occlusion of the ostium

of

circumflex marginal branch. Passage of a

(€0)

sure dilatation with a 2.0 mm balloon
allowed deployment of a distal protection
device (Filter Wire EX, Boston Scientific).

2.5 mm balloon revealed an angiographi-

ca

burden proximally and mid graft (panel
A).

unstable angina with dynamic lateral
ST depression. Fifteen years pre-

the saphenous vein graft (SVG) to the

ronary wire and subsequent low pres-

Further proximal dilatation with a
Ily well preserved graft with a heavy clot
catheter

An Export aspiration

(Medtronic) was used to extract a large

amount

of thrombus (panel C). A

4.5 x 18 mm Multilink Ultra stent was

deployed to achieve a good result (panel
B) with TIMI grade 3 flow and myocardial
blush grade 3. Retrieval of the Filter Wire
EX revealed significant debris (panel D).

vein grafts predicts major adverse cardiac
events (MACE) and mandates the use of
embolic protection. The extraction of

th

avoided the need for further intervention

in

by the distal protection device debris,

as

ficient to prevent major distal embolisa-
tion. The complementary nature of two
strategies to manage large thrombus

Large thrombus burden in saphenous

rombus with the Export catheter

the body of the SVG. As demonstrated

piration alone would have been insuf-

burden in SVG is illustrated.

(A) Thrombus in graft (white arrows); Filter Wire EX in-situ (black arrow). (B) Final result.

(C) Thrombus core retrieved by aspiration. (D) Filter Wire EX with trapped embolic debris.
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